The newly-developed SHT,,,,, selective receptor agonist, rizatriptan, 5 has three putative mechanisms of antimigraine action: (1) vasoconstriction of dilated meningeal blood vessels,6 (2) inhibition of the release of vasoactive neuropeptides from perivascular trigeminal sensory neurons,7 and (3) within the trigeminal nucleus caudalis, interruption of pain signals Corn the meninges."
acts quickly in relieving the headache and migraine symptoms.4
The newly-developed SHT,,,,, selective receptor agonist, rizatriptan, 5 has three putative mechanisms of antimigraine action: (1) vasoconstriction of dilated meningeal blood vessels,6 (2) inhibition of the release of vasoactive neuropeptides from perivascular trigeminal sensory neurons,7 and (3) within the trigeminal nucleus caudalis, interruption of pain signals Corn the meninges."
As rizatriptan has more rapid absorption (T,,, approximately 1 hour)'@I* and higher bioavailability (approximately 42%) 9~0 than oral sumatriptan, the prototype 5-HT, B,/, u agonist, we hypothesized that rizatriptan would have a faster onset of action and provide earlier 'relief of headache and other migraine symptoms. The primary objectives of this study were to compare rizatriptan 10 mg to sumatriptan 100 mg in terms of time to pain reliefwithin 2 hours after dosing, and to compare the efficacy of both rizatriptan 5 mg and 10 mg with placebo at 2 hours. The lOO-mg dose of sumatriptan was chosen as the comparator, because at study onset the recommended dose for sumatriptan was 100 mg throughout most of Europe, including the countries that participated in the trial. The safety and tolerability of rizatriptan 5 mg and 10 mg were also evaluated.
METHODS
Criteria for Patient Selection.-A total of 1268 men and women (18 to 65 years), who met IHS criteria for migraine with or without aura,* were enrolled. All patients had at least a &month history of migraine, typically experienced one to eight attacks per month which could be distinguished from tension or interval headaches, and were in good health. Patients were excluded if there was clinical evidence of cardiovascular disease, hypertension, or significant electrocardiogram (ECG) abnormality, or if they had a known history (within 1 year) or current evidence of drug or alcohol abuse. Women who were pregnant or breast-feeding, patients with prior exposure to rizatriptan, those with any contraindication or sensitivity to sumatriptan, or those who had received treatment with any other investigational compound or device within the past 30 days were also excluded.
Approvals were obtained from the necessary regulatory bodies and ethical review committees, and informed consent was signed by each patient who participated in the trial. The study was conducted in accordance with the Declaration of Helsinki and conformed to Good Clinical Practice.
Study Design and Treatment Schedule.-This randomized, placebo-controlled, triple-dummy, double-blind, single-dose, outpatient study was conducted at 47 sites in 21 countries. All patients underwent a pre-study medical and migraine history, physical examination, laboratory tests, and a 12-lead ECG. In addition, patients completed a practice diary card to ensure full comprehension. Eligible patients were randomly assigned to treatment according to a double-blind computer-generated schedule. More patients were allocated to the rizatriptan IO-mg and sumatriptan lOO-mg groups, because comparison between these groups was one of the primary objectives of this study. The other primary objective, to compare rizatriptan 5 and 10 mg to placebo, was satisfied by the smaller number of patients in the 5-mg group. Each dose of study medication consisted of three tablets (each distinct in appearance): either one active and two placebo tablets (to match the other two active treatments) or three placebo tablets.
Patients took the study medication for a migraine that was not resolving spontaneously and was of moderate or severe intensity (grade 2 or 3 on a 4-point headache severity scale),9 provided that they had not taken any prohibited medications (monoamine oxidase inhibitors, methysergide, and lithium within the past 2 weeks; sumatxiptan, M&in, or ergot derivatives within the past 48 hours; any opiate within 24 hours; any other form of analgesia or any antiemetic within the past 6 hours). Standard migraine prophylaxis was permitted, with the exception of nonsteroidal anti-inflammatory drugs (NSAIDs). Nonresponders were permitted optional escape analgesia and antiemetics at 2 hours postdose. Patients who, within 24 hours of taking the study medication, experienced recurrent headache (return to grade 2 or 3 after initial relief to grade 0 or 1 at 2 hours postdose), were allowed additional analgesia. Sumatriptan, Midrin, and ergot derivatives were prohibited for 24 hours postdose.
Clinical Effkacy and Safety Evaluation.-Primary and secondary measures were recorded by the patient in a diary. At baseline (0 hours) and at 0.5, 1, 1.5, 2, 3, and 4 hours after dosing, patients rated their headache severity, level of functional disability,9 and the presence or absence of associated symptoms (nausea, vomiting, photophobia, and phonophobia). Pain relief was defined as an improvement from severe or moderate headache (grade 3 or 2) to mild or no pain (grade 1 or 0), with pain-free being an improvement to no pain. At 2 hours postdose, patients recorded their need for escape medication. The time and maximum intensity of any headache recurrence were also recorded.
All postdose adverse events (AEs) were evaluated by the investigator at the posttreatment visit as to their maximum intensity, duration, seriousness, and relationship to test drug. In addition, the physical examination, laboratory tests, and electrocardiogram recordings were repeated. Statistical Analyses and Power Calculations.-The primary comparisons were time to pain relief for rizatriptan 10 mg versus sumatriptan 100 mg within 2 hours, and pain relief at 2 hours for rizatriptan 5 mg and 10 mg ver-sus placebo. Traditionally, migraine studies have analyzed an endpoint at 2 hours and de-emphasized other time points. However, endpoints occurring before 2 hours are also important to the patient, and the assessment of timeto-event as an endpoint (ie, survival analysis) is commonly used in medicine .I3 The time-to-pain-relief analysis (a form of life table analysis) uses data from all gathered time points (0.5 to 2 hours) rather than just a single 2-hour time point to calculate a hazard ratio comparing treatments_ The hazard ratio at time "t" is the ratio of probabilities to have pain relief in the very near future of time "t" if there was no relief at "t," when comparing one treatment to another. This hazard ratio, considered constant in the 2-hour time interval, expresses whether a patient will respond more rapidly to one treatment compared to another and, therefore, whether one treatment is superior to another treatment with respect to time to pain relief. It has generally more power than a specific time point analysis without multiplicity issues and can also accommodate censoring (ie, patients with information up to a time point prior to 2 hours).
The primary efficacy analysis (intention-to-treat) included all patients who recorded at least one rating of pain severity after dosing (n=l096). Missing values were replaced by carrying forward the preceding value, except in the time-to-pain-relief analysis in which a patient was censored at the time there was no subsequent information. "Per protocol" analyses were also performed for the primary endpoints of time to pain relief (n=/042) and pain relief (n=l039)_ The primary efficacy measure was also investigated in a predefined fashion with regard to a number of potentially confounding factors (baseline headache severity, sex, age). The active treatment groups were compared with respect to time to pain relief by means of binary regression model with complementary log-log link for grouped time-to-event data .I+*5 Pain relief, pain-free, and associated symptoms were analyzed by logistic regression, and functional disability was analyzed through cumulative logistic regression. All models included terms for treatment, region (groups of countries), and time (for the timeto-pain-relief analysis). Adverse experiences were compared using the Fisher exact test.
With a preplanned sample size of 375 patients in both the rizatriptan lo-mg and sumatriptan 1 00-mg groups, the study had 80% power to detect a 10 percentage point difference between these groups in percentages of responders at 1.5 hours postdose (based on a two-sided test type I error rate, a=O.OS). The power to detect a hazard ratio of 1.32 in the time-to-pain-relief analysis was 76%. The power to detect a difference of 20 percentage points in relief at 2 hours in the rizatriptan 10 mg (n=375) and rizatriptan 5 mg (n=150) versus placebo (n=150) comparisons was greater than 95%. Adjustment for the rizatriptan 5 mg and 10 mg with placebo comparisons was made using the Hochberg procedure. 16 The study was not powered to conduct a formal statistical analysis of headache recurrence rates. All 1099 patients who took study medication were included in the safety analysis.
RESULTS
Patient Characteristics.-A total of 1268 patients, 1030 women (8 1%) and 23 8 men (19%) , were randomized to treatment. Of the 1099 who took the study drug, 1091 completed the study and 8 patients discontinued due to: clinical AE (n=l), lost to follow-up (n=2), withdrew from study (n=l), and deviated from protocol (n=4).
The baseline characteristics of the patients who took the study drug are displayed in Table 1 . The treatment groups were generally similar, except that the patients in the rizatriptan 1 0-mg group were younger than the patients in the sumatriptan 100-mg group (37.0 versus 39.2 years, H.003).
Effkacy.-The percentages of patients reporting pain relief and pain-free response up to 2 hours are presented in Table 2 . All active treatments were superior to placebo at 2 hours postdose (BO.010). The hazard ratio for time to pain relief for rizatriptan 10 mg versus sumatriptan 100 mg was 1.17 (95% CI 0.98 to 1.39, m.O75), suggesting that patients on rizatriptan 10 mg might be more likely to achieve pain relief at any time in the 2-hour period after treatment than patients on sumatriptan 100 mg. However, given that the sumatiptan group was significantly older, an age-adjusted analysis was conducted to correct this imbalance. This analysis revealed that rizatriptan 10 mg had a significantly faster time to pain relief than sumatriptan 100 mg (hazard ratio 1.21, PrO.032). Confirmation that rizatriptan 10 mg relieved migraine faster than sumatriptan 100 mg was also obtained in the prespecified (non-age-adjusted) "per protocol" analysis (m-040, hazard ratio 1.20 [95% CI 1 .Ol to 1.441). Furthermore, riza- (18) 138 (84) 26 (16) 319 (82) 68 (18) 309 (80) 79 ( 84 (53) 75 (47) 26 (16) 92 (56) 72 (44) 22 (13) 213 (55) 174 (45) 69 (18) 196 (51) 191 (49) 69 (18) 4 (2) 60 (38) 62 (39) 33 (21) 4 (2) 51 (31) 74 (45) 35 (21) 22 (6) 132 (34) 144 (37) 89 (23) 10 (3) 140 (36) 160 (41) 77 (20) * RO.0 1 versus rizatriptan 10 mg. 7 Two patients had not recorded baseline severity (one on placebo and one on sumatriptan 100 mg). triptan 10 mg showed a numerically greater response rate over sumatriptan 100 mg at each time point up to 2 hours, reaching statistical significance at 1 hour (37% versus 28%, P=O.OlO). By 4 hours, the response rates (84%) in the rizatriptan lo-mg and sumatriptan 1 00-mg groups (-0.787) were similar, and both were superior to rizatriptan 5 mg (P=O.O02 and P=O.O04, respectively). However, the 4-hour response rates may be confounded by the use of escape medications which were permitted after 2 hours postdose.
compared with sumatriptan 100 mg.
In terms of the percentage of patients reporting freedom from pain, rizatriptan 10 mg was significantly superior to placebo starting at 1 hour, while rizatriptan 5 mg and sumatiptan 100 mg did not significantly differentiate from placebo until 1.5 hours. Importantly, rizatriptan 10 mg rendered significantly more patients pain-free at 1.5 hours (P=O.O38) and 2 hours (FO.032) postdose when Functional disability was significantly improved in all active treatment groups at 2 hours (Table 3) . More patients receiving rizatriptan 10 mg as compared with sumatriptan 100 mg reported normal function at I hour (I 4% versus 9%, P-O.03 l), 1.5 hours (27% versus 19%, PO.01 7), and 2 hours (42% versus 33%, PO.01 5), indicating an advantage for rizatriptan 10 mg on this parameter, whereas the percentage of patients with functional disability up to 2 hours postdose were similar in the rizatriptan 5-mg and sumatriptan 1 00-mg groups.
Significantly more patients were free of nausea at 2 hours postdose in all active groups compared with placebo. When compared with sumatriptan 100 mg, significantly more patients in the rizatriptan lo-mg group were without nausea at all time points through 2 hours (BO.01); this advantage over sumatriptan 100 mg was also observed in (7) 33 (9) 28 (7) 6 (4) 9 (6) 30 (8) 35 (9) 6 (4) 4 (2)*t 30 (8) 32 (8) 4 (3) 8 (5) 22 (6) 35 (911 8 (5) 5 (3) 12 (3) 10 (3) 2 (1) 7 (4) 12 (3) 20 (5) 4 (3) 2 (U-I 13 (3) 22 (6) 51 (32) 64 (39) the rizatriptan 5-mg group at 1 through 2 hours (p10.01). All active treatments were superior to placebo at 2 hours postdose in relieving phonophobia and photophobia. A post hoc analysis in only those patients who had nausea, photophobia, or phonophobia at baseline showed that rizatriptan 10 mg relieved these associated symptoms significantly better through 2 hours posttreatment than sumatriptan 100 mg (nausea: odds ratio 0.63, 95% CI 0.46 to 0.86, PcO.05; photophobia: OR 0.67, CI 0.48 to 0.93, WO.05; phonophobia: OR 0.69, CI 0.50 to 0.94, WO.05) . Fewer patients required escape medication after 2 hours in the rizatriptan lo-mg (18%, WO.001) and sumatriptan 100~mg (20%, P=O.O03) groups compared with patients in the placebo group (32%). The headache recurrence rates were similar for the rizatriptan lo-mg (35%) and sumatriptan IOO-mg (32%) groups, and somewhat higher in the rizatriptan 5-mg (48%) group, compared to a rate of 20% in the placebo group.
Safety.-Most AEs were mild or moderate in intensity. Both rizatriptan 10 mg and sumatriptan 100 mg were associated with more drug-related AEs in comparison to placebo (126 [33%] of 387 patients in the rizatriptan lo-mg group and 160 [4 1 %] of 388 patients in the sumatriptan 100-mg group versus 32 [20%] of 160 patients in the placebo group, P values ~0.01). The incidence in the rizatriptan lo-mg group was lower than that in the sumatiptan lOO-mg group (P=O.O14). Rizatriptan 5 mg was similar to placebo in the percentage of drug-related AEs (45 [27%] of 164 patients, P=O. 120), and the incidence did not differ significantly from that for rizatriptan 10 mg (eO.268). Rizatriptan 5 mg was also associated with significantly fewer drug-related AEs than sumatriptan 100 mg (p=O.O02). The most prevalent AEs, regardless of causality, are presented in Table 4 . Of these, only three significant differences were detected: (1) compared with rizatriptan 5 mg, more patients in the rizatriptan 1 0-mg (P=O.O19) and sumatriptan 1 00-mg (-0.013) groups reported asthenia/fatigue; (2) after rizatriptan 5 mg, fewer patients reported chest pain than after sumatriptan 100 mg (PO.02); and (3) of the active treatments, only sumatriptan 100 mg produced more reports of nausea than placebo (P=O.O06). One patient, a woman in the sumatriptan lOO-mg group, discontinued due to a drug-related clinical AE (transient emesis). There were no serious drug-related AEs reported during the study. No trends for changes in laboratory parameters, blood pressure, heart rate, or electrocardiogram recordings were noted.
COMMENTS
This large multinational study demonstrated signifi-cant and clinically relevant differences between therapeutic oral doses of the 5-HT,,,,, agonists, rizatriptan and surnatriptan, which may be related to faster absorption of rizatriptan.10 While both agents were highly effective and well-tolerated, rizatriptan 10 mg demonstrated greater effectiveness over a range of other outcome measures. Additionally, after correction for age and by per protocol analysis, rizatriptan 10 mg showed faster pain relief than sumatriptan 100 mg. Furthermore, patients taking rizatriptan 10 mg were more likely to be completely relieved of head pain (pain-free response) at 
4.
The therapeutic advantage of rizatriptan 10 mg versus surnatriptan 100 mg was also reflected in a better reduction of functional disability, and in faster and more effective relief of nausea. Finally, it is noteworthy that the increased efficacy of rizatriptan 10 mg does not appear to be accompanied by an increase in overall side effects relative to sumatriptan 100 mg. In conclusion, this study showed that rizatriptan 10 mg had a fast onset of action and relieved migraine more effectively than sumatriptan 100 mg, with both compounds having an acceptable safety and tolerability profile.
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